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ABSTRACT

Determinants of Small Rodent Distribution and
Abundance in a Shrub-steppe Ecosystem:

Influences of Seeds, Ants and Shrubs
by

Linda Suzanne Broome, Doctor of Philosophy

Utah State University, 1988

Major Professor. Dr. James A. MacMahon

Department. Biology

This study had two major objectives; firstly to test the hypothe-

sis of ongoing competition for seeds between small rodents and

harvester ants, Pogonomyrmex occidentalis, in a cold desert ecosystem;

secondly to elucidate how seed abundance and shrub cover influence the

distribution and abundance of deer mice, Peromyscus maniculatus. The

study area was a sagebrush (Artemisia tridentata) dominated shrub-

steppe in southwestern Wyoming. Responses of the small mammal communi-
ty to ant removal and food addition were assessed on replicated study
plots between September 1981 and September 1983. Food addition and
shrub removal manipulations were continued from September 1983 +to
August 1984. Rodent populations were sampled by |ive-trapping.
Movements of 40 deermice were followed by radiotracking during the

winter, spring and summer of 1983-84.




SR

Ant removal elicited |ittle response from the rodent community,
although seed preference trials with native seeds in the field indi-
cated considerable overlap in seed use. | concluded that competition
was not a factor affecting small rodents during the period of +this
study, although the area cleared of ants may not have been sufficiently
large to produce a response detectable by trapping.

Seed addition resulted in increased deermouse population size,
prolonged breeding, decreased winter (but not summer) home range sizes,
and during periods of low density, increased grid fidelity. High fal

densities were followed by a classical spring decline with associated

female sex ratio skew and severe injuries to both sexes. | concluded
that deermice were food Iimited only to +the point where social
interactions during the breeding season | imited maximum densities.

The absence of shrubs prevented winter use of the 1.25 ha cleared
area by deermice. At this time on the non-cleared plots shrubs were
used to support nests, as foraging sites and as a means of access to
the snow surface. Dur ing summer the area cleared of shrubs provided
attractive foraging habitat, but most nest sites were still located
within shrub cover around the edge.

An important corollary of the radio tracking was the illustration
of the large home range sizes of deermice in relation to the size of
the 0.7 ha trapping grids. The implications of trapping bias affecting
population fluctuations and measurement of other demographic parameters

from trapping studies are discussed.

(165 pages)




CHAPTER |

INTRODUCT ION

1.1 Objectives

A fundamental theme of population and community ecology is to
explain what |imits populations, and why individuals are more abundant
in some areas than in others. Proximate regulating mechanisms may
include interactions with +the same or other species (competitors,
predators or parasites), and the effects of disease or climate. The
intensity, timing, duration and relative importance of these proximate
mechanisms are dependent upon environmental factors which prevent un-
limited increase. These factors may include extrinsic variables such
as the quality and availability of food and cover, and intrinsic vari-
ables (or individual quality) such as the physiological, genetic or
phenotypic status of individuals (Chitty 1967, Watson and Moss 1970,
Krebs 1978) . It is now widely accepted that controlled, manipulative
field experiments are necessary for elucidation of the relative impor-
tance of such influences on animal populations.

This study had two primary objectives. The first objective was
to test the prediction that interspecific competition with ants, for
seeds, was a regulating mechanism for small rodent populations in a
cold desert, shrub-steppe ecosystem. The second objective was to
assess the extent to which food and shrub cover were limiting factors

for the deermouse (Peromyscus maniculatus) populations in this ecosys-

tem. A third, methodological objective arose as a consequence of




measuring rodent population parameters from trapping data; suspected
violations of estimator assumptions led me to evaluate their validity

by comparing radiotelemetry and trapping results.

1.2 Interspecific Competition Between Rodents and Ants

Most manipulative studies of competition among granivores have
been conducted in hot deserts. Granivorous desert rodents may be
influenced by interspecific competition from closely related species
(Grant 1972, Schroder and Rosenzweig 1975, Hutto 1978, Stamp and Ohmart
1978, Holbrook 1979, Munger and Brown 1981, Brown and Munger 1985) or
from granivorous ants or birds (Brown et al. 1975, Mares and Rosenzweig
1978, Brown et al. 1979a, b, Davidson et al. 1980). By conducting
reciprocal removal experiments in the Sonoran Desert, Brown and
Davidson (1977), Brown et al. (1979a), Davidson et al. (1980, 1984)
attested that population densities of granivorous desert rodents are
influenced by interspecific competition from harvester ants (and vice
versa in the short term, although ants may be facilitated by the pre-
sence of rodents in the long term [Davidson et al. 1984]). In
contrast, Brown and Munger (1985), Davidson et al. (1985), found no
evidence of competitive effects of ants on rodents in the Chihuahuan
Desert. These apparently contradictory results might be due to a
combination of inappropriate statistical tests and small sample biases
(Galindo 1986), and inadequate grid sizes (Galindo and Krebs 1986).
Hot deserts are typified by diverse assemblages of species with a low
density of individuals. |In the Sonoran Desert study the rodent samples

consisted of combined counts of 4 species from 0.1 ha study plots with




a maximum sample size of 13. Five species of smal | granivorous rodents
were combined in the Chihuahuan Desert study, with 2 Dipodomys species
counted separately. Fewer than 7 individuals from each of these 3
groups were trapped during each sampling period on 0.25 ha study plots.
Even so, the authors suggest that lack of competition between rodents
and ants in the Chihuahuan Desert could be due to diffuse compensation
and competition between species within each higher taxon (Davidson et
al. 1985). In an experimental context it is easier to deal with single
species "Communifie§'(§§£§E Mac Mahon et al. 1978), or communities
having a low species diversity. Fewer potential interactions have to
be accounted for and larger sample sizes are generally obtainable for
the dominant species. My study area had advantages in this respect for
testing interspecific competition between granivorous rodents and
ants. Several rodent species were present on the study area but
biomass was comprised predominantly of one smal | mammal species, the

deermouse, and only one species of harvester ant (Pogonomyrmex

occidental is). Thus, interspecific competition between ants and mice,

if it operates in this simple system, should not be masked by inter-
actions between species within each higher taxon.

To infer ongoing competition for a particular resource it is
neccessary to demonstrate (1) negative interactions between guild
members, (2) overlap in requirements for the resource, and (3) that the
resource | imits the size of populations (Brown et al. 1979b). Thus,
the fol lowing hypotheses were tested:

1. The addition of seeds does not result in a significant in-

crease in smal | rodent population size.




2. The removal of ants does not result in a compensatory increase
in rodent population size,

3. Rodents and ants do not overlap in their use of seed species.

The first two hypotheses were tested by seed addition and ant
removal treatments on rodent trapping grids. A reciprocal removal
exper iment was not attempted due to the scale of the experimental
manipulations required to produce statistical ly testable results, and
the difficulty of removing rodents from l|arge, unfenced study plots.
Overlaps in seed preferences between rodents and ants were assessed by
a field study of granivory, in which a variety of indigenous seed
species were offered seperately to nocturnal rodents (predominantl|y

deermice) and ants; diurnal rodents (least chipmunks Eutamius minimus)

combined with birds were included as part of the competitivemilieu.

1.3 Influences of Food and Shrubs on Deermouse Populations

Resource | imitation may be manifested through competition with
other species, or more commonly through intraspecific interactions.
Intraspecific competition can cause population size and structure to
fluctuate annual ly around available resource levels, according to the
reproductive status of individuals. These observations have led to
various behavioral hypotheses of population regulation (Wynne-Edwards
1962, Chitty 1967, Brown 1969, Watson and Moss 1970, Krebs 1970, 1978,
Ostfeld 1985). Studies of microtine populations in temperate
grass!|ands have shown that food and/or cover supplementation general |y

increases reproductive rates and, at certain times of the annual cycle,




el icits a numerical response but fails to prevent a spring decline in
numbers (Taitt and Krebs 1981, 1983, Taitt et al. 1981). It has been
suggested that these decl ines can be attributed to reproductive
territorial ity and socially induced mortal ity and dispersal (Krebs
1970, Turner and |verson 1973, Tamarin 1977, Krebs and Boonstra 1978,
Gipps et al. 1985). fanipul ations of sex ratio (Redfield et al. 1978),
male or female aggressiveness (Krebs et al. 1977, Gipps et al. 1981,
Taitt and Krebs 1982), and genotype (LeDuc and Krebs 1975) do not
prevent the spring decl ine. Concurrent manipulations of food, cover
and risk of predation lead to the suggestion that both social |y induced
dispersal and predation may be causal mechanisms for the spring
decl ines in Microtus spp. (Taitt and Krebs 1983). Spring decl ines

sometimes occur in forest populations of Peromyscus maniculatus and P.

| eucopus (Sadleir 1965, Fairbairn 1977, Sullivan 1979) despite
supplemental feeding (Hansen and Batzli 1978, Taitt 1981, Gilbert and
Krebs 1981). Fairbairn (1977,1978b) and Taitt (1981) suggest that
regulation of breeding density through spacing behavior may al so be
important for deermice. In all these studies changes in spacing
behavior have not been observed directly, but were inferred from
trapping and from obser vations of behavioral encounters in the
| aboratory.

Responses to supplemental cover have been regarded primarily as a
function of reduced predation risk. Reduced predationrisk has been
confirmed observational |y (Taitt et al. 1981) and exper imental |y (Taitt
and Krebs 1983) for Microtus spp. ingrasslands, butonly indirectly

for Peromyscus spp. in shrublands (Thompson 1982b, Kotler 1984).




Parmenter and MacMahon (1983) point out that shrub cover may also
amel iorate environmental extremes or provide food resources. Shrubs,
in desert ecosystems with sparse grass or forb cover, may also provide
nest sites. Additionally, they might be structurally important as
snowpack support in areas with continuous winter snow cover. Parmenter
and MacMahon (1983) removed shrubs from a study plot within the area in
which this study was conducted. They concluded that shrub-related food
resources, in addition to shrub architecture (cover), had no effect
upon deermouse population parameters. Population monitoring following
shrub removal was carried out only between the months of May and Sep-
tember, but they suggested that shrubs may be structurally important in
winter .

Few studies have examined the role of food and cover on small
mammal populations, over an annual cycle, in a cold desert shrubland.
The second objective of this study was to assess how food and shrub
cover influence the abundance and distribution of deermice and *to
determine both population and individual responses to these factors in
a strongly seasonal environment. | was interested in the following
null hypotheses:

1. Populations of deermice given supplemental food do not differ
numer ically, reproductively or in demographic structure from popula-
tions of non-fed individuals.

2. Home range size and activity of individuals do not differ
between fed and non-fed populations, either during winter or during

spring and summer.




3. The absence of shrubs alters neither population density nor
individual home range size or shape.

4. The presence or degree of a spring decline in population size,
fol lowing the onset of breeding, is not affected by food supplementa-

tion or by shrub removal.

1.4 Trapping Bias

The applicabil ity of the responses (numerical, reproductive or
behav ioral) obtained from the manipul ative approach are dependent upon
how wel | the manipulation simulates a change in an environmental com-
ponent. Lack of response may indicate that the manipulated variable is
not an important |imiting factor for the population, or it may reflect
failure to appropriately modify a |imiting factor. Alternatively, the
presence of more than one critical factor may promote a compensatory
response to the manipulated variable. For example, a numerical re-
sponse to supplemental food may be masked by increased predation (Cole
and Batzli 1978), or by intensified interspecific competition (Brown
and Munger 1985, Davidson et al. 1985).

Even if the manipulation is appropriate there is still the persis-
tent problem of accurately estimating the population parameters of
interest. Most small mammal studies rely upon trapping grids to pro-
vide estimates or indices of abundance and other population parameters
such as dispersal or immigration., Trap locations are also commonly
used to define microhabitat use, home range size, and to make infer-
ences regarding spacing behavior between individuals. There has, how-

ever, been serious doubt concerning the validity of results obtained




from trapping smal | mammals. Trapping may not be a satisfactory method
for studying home ranges or activity patterns (Sheppe 1967), or
microhabitat use (Thompson 1982a). Crid sizes at least 16 times |arger
than the average home range size may be required for accurate assess-
ment of population density (Bondrup-Nielsen 1983).

Most studies of smal | mammals implicitly assume that the trapping
grid contains the home ranges of most of the population under study.
This implies that the "edge effect" is not large and the home range
size/grid size ratio is small (Bondrup-Nielsen 1983). Edge effect
arises from 2 conditions: attraction of animals from outside the grid,
and partial enclosure of the grid by home ranges of animals |iving near
the grid edge. Both conditions add to the size of the "effective area"
trapped (Dice 1938, Tanaka 1972, Wilson and Anderson 1985b). It is
general |y recognized that edge effect does cause bias in density esti-
mates, and various attempts have been made to correct this bias. Most
methods involve estimating a boundary strip around the grid from move-
ments between traps on the grid, others are more ad hoc (see Bondrup-
Nielsen 1983, Wilson and Anderson 1985a, b for reviews). An assumption
of these methods is that movements between traps on a grid are of the
same scale as movements outside the grid. This includes older methods
such as adding 1/2 the average diameter of an animal's home range to
the grid perimeter (Dice 1938) and recent attempts such as adding the
mean maximum distance moved (MMDM) between traps to the perimeter
(Wilson and Anderson 1985b).

Al though acknowledging that bias probably exists, many investiga-

tors choose to equate estimates of population size (N) with an area




approximately the size of the trapping grid, using N as an index to
density. This would be valid for comparisons between trapping grids or
trapping occasions only if the boundary width created by the edge
effect was constant.

Other, |ess-recognized problems with a large edge effect concern
homogeneity of treatments applied within the area of a trapping grid,
and confounding of experimental replicates. |Incorrect conclusions may
be reached if it is assumed, incorrectly, that those animals trapped on
the grid are experiencing an experimental treatment coincident with the
grid area, but are not experiencing conditions outside the experimental
area. lLarge edge effect may also inval idate independance of adjacent
repl icate grids. Another assumption generally made is that traps are
not unduly distorting the normal behavior of individuals. The bias
introduced when such assumptions are violated is seldom measurable and
often unrecognized. Therefore, the third objective of this study was
to evaluate my estimates of population density and the conclusions
based on trapping by monitoring the movements and behavior of individ-

ual deermice using radiotelemetry.




CHAPTER ||
STUDY AREA AND METHODS
2.1 Study Area

The study area is a high-elevation (2103 m) shrub-steppe (West
1983) ecosystem, located on the Kemmerer Mine of the Pittsburg and
Midway Coal Division of Chevron USA, Inc., 8 km southwest of Kemmerer,
Wyoming (Lat. 41 43°N, Llong. 110 37°W). Precipitation is highly
variable and falls mostly as snow, with monthly peaks from spring rains
in May and June. Mean annual precipitation (1951-1980) at the Kemmerer
NOAA station is 230 mm /year, but record precipitation levels occurred
during this study (83.3, 33.8, 168.4, 372.6 and 165.3 mm above average
for the years 1980-1984 respectively). Monthly precipitation and an
index to the depth of the snowpack (derived from measurements taken at
the Ecosystem Reconstruction 12-UC study site) for November 1980 -
April 1984 are presented in Fig. 1.

The study site is located at the base of a north-south extending
cliff on the southeast part of the mine and consists of a series of
east-west striking washes and low sandy ridges. Vegetation and soils
are described by Parmenter and MacMahon (1983), Kelrick (1988), Kelrick
et al. (1986). Estimates of shrub density and the percentage cover of
shrubs, grasses and forbs are provided in Table 1. Shrub density and
percent cover were estimated from 25, 2 X 7 m plots on each of grids 2,
3, 4, 8 (described in the following section). Shrub cover estimates

were made by assigning to each shrub a geometric shape and measuring
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Table 1. Estimates of shrub density and percent cover of shrubs,
grasses and forbs. Shrub measurements from grids 2, 3, 4, 8.
Grass and forb cover estimates for grids 7, 8 and the shrub-
removal grid.

Density (#/ha) % Cover
Shrubs X + SD X + SD
Sagebrush 7,000 + 1,795 10.41 + 2.62
Rabb itbrush 11,443 + 2,986 2.59 + 0.83
Other 3,205 + 967 1.60 + 0.89
Total 21,590 + 3,605 14.60 + 4.14
g cover

Grasses & forbs X + 2 S.E. LSOt
&id 7 22.08 + 3.21 a
Grid 8 27.36 + 4.72 ab
Shrub-removal

Aug. 1980%* 19.02 + 4.12 a

Aug. 19081*% 31.50 + 5.7 b

Sept. 1983 55.74 + 6.12 c
t Analysis of variance for grass and forb cover:
Source df MS F
G lds 4 10607 35.51 #* (p 0.01)
Error 245 299
Total 249

pooled 95¢% C.!. ( for LSD tests) = 4.79

* Sampled by Parmenter (1982)
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the relevant dimensions. The most abundant sirubs are big sagebrush

(Artemisia tridentata) and rabbitbrushes (Chrysothamnus viscidiflorus

and Chrysothamnus nauseosus). "Other" (Table 1) includes winterfat

(Ceratoides lanata), gray horsebrush (Tetradymia canescens), buckwheat

(Eriogonum  microthecum) and occasional individuals of antelope

bitterbrush (Purshia tridentata), Gardner saltbush (Atriplex gardneri)

and cryptantha (Cryptantha flavoculata). The percent cover of grasses

and forbs was estimated from projected Ektachrome sl ides. Slides were
taken on grids 7, 8 and the shrub-removal grid in September 1983 of 1
m2 plots placed systematically at every second trapping grid stake (50
plots per grid). Similar slides, taken at random Ilocations by
Parmenter (1982), were used to provide a comparison of % cover of
grasses and forbs on the shrub-removal grid in August 1980 (at the
conclusion of removing shrubs) and one year later, in August 1981.
Slides from all grids were mixed randomly before ocular cover estimates

(Hatton et al. 1986) were made by a single independent observer.

2.2 Interspecific Competition Between Rodents and Ants

Seed addition and ant removal.--Hypotheses concerning inter-

specific competition between rodents and ants were addressed between
September 1981 and September 1983. The first +two hypotheses were
tested by a two-way factorial experiment, using presence or absence of
supplemental food and of ants as the two main variables. This design
was repl icated and one additional control plot was established, re-
sulting in a total of nine study plots. The plots, 0.71 ha in size

(delimited by 13 X 13 station rodent trapping grids with 7m between




traps), were located on the slopes of sandy ridges extending over 2.4
km . Grids 1 to 5 extended from the crest of a ridge down the south
facing slope to the washes; grids 6 and 8 were placed similarly on
north facing slopes, but also spanned part of the wash; grid 7 covered
both sides of a very low ridge with a slope to the west; grid was on
top of a level plateau. Treatments, assigned randomly to these grids,
are summarized in Table 2; also presented are number of ant mounds in
September 1981 and the distances between grids.

Supplemental food, millet (Panicum miliaceum), was provided from

September 1981 to November 1982. Sixteen feeding stations, 14 m apart,
were established on each of the four fed grids. Feeders were 1 gallon
plastic bottles with four holes cut near the bottom and stoppered with
halved film canisters to prevent seed spillage. Feeders were placed on
inverted plastic plates and raised on wire legs to prevent ants from
removing seed. Feeders were continually replenished and the amount of
seed removed was recorded.

Ant mounds on and within 20 m of the perimeter of ant removal
grids (1.54 ha) were poisoned with Diazinon (Geigy Corporation).
Mounds were encircled with metal flashing to prevent rodents from
taking the poison. Ants had ceased above ground activity when food was
added in September 1981, so were poisoned as they became active in June
1082.

Seed preference.--Tests of seed-use overlap involved seed selec-

tion experiments in the field. |Indigenous seed species were offered
seperately to ants, nocturnal rodents, and diurnal rodents (chipmunks)

and birds. Seeds were obtained from Native Plants of Utah, Inc., Salt




Table 2. The assignments of treatments to the nine study grids, with the
numbers of ant mounds on each grid, and the inter-grid distances.

Ant
mound s Distance to next grid
Grid # (#) Treatment (m)

1 33 Control

180
2 42 Food

200
3 27 Food-Ants

370
4 42 Food-Ants

275
5 26 Control

130
6 31 - Ants

90
7 28 Control

272
8 51 Food

135
9 46 - Ants

ok
(%2




Lake City, UT, and were chosen to represent a range of the most common
grasses, forbs and shrubs which grow on the study area. Two seed
mixtures of six species each were suppl ied in three seperate feeding
trials. Mix 1 consisted of 2 g each of four grasses and two forbs:

Indian ricegrass (Oryzopsis hymenoides), cheatgrass (Bromus tectorum),

green needlegrass (Stipa viridula), Canby bluegrass (Poa canbyi), wild

buckwheat (Eriogonum heracleoides) and cicer mil kvetch (Astragal us

cicer). Mix 2 represented the common shrubs in the area and contained

big sagebrush (Artemisia tridentata), rubber rabbitbrush (Chrysothamnus

nauseosus) and winter fat (Ceratoides lanata). Poa, Astagalus and

Eriogonum (1.5 g/sp.) were also included in thismixture to provide a
basis for comparison of preference rankings between the two seed mix-

tures. Stipaviridula and Astragalus cicer do not grow on the study

area but they represent genera present. Dates and duration of each
trial are summarized in Table 3,

Seed preference trials for ants were conducted on grid 7 in a 60 X
60 m area which contained 15 ant mounds. The first trial of seed
mixture 1 was offered at 25 of 50 randomly chosen locations adjacent to
64 possible trapping grid intersections. Twenty-five of these |oca-
tions were used in the analysis of seed preference. Those chosen repre-
sented locations which had been used by ants but were not so heavily
depleted that few seeds remained. These same 25 locations were used
for the second trial of mixture 1, but due to shortage of seed only 20
were used with seed mixture 2. The seed mixtures were offered in
cardboard bowls, placed in flower pots, and covered with 6.4 mm mesh,

hardware cloth to prevent rodent access. These ant dishes were buried




Table 3.

Dates and duration of seed preference trials for seed mixture 1

(grasses and

forbs) and seed mixture 2 (shrubs).

Faunal Mixture 1 - Rep. 1 Mixture 1 - Rep. 2 Mixture 2

assemb| age Date Duration Date Duration Date Duration

Ants 20-21 July 1 day 21-24 Sept. 3 days 13 July 1 day
1982 1982 1983

Nocturnal 19-23 Aug. 4 nights 21-22 Sept. 2 nights 12-14 July 3 nights

rodents 1982 1982 1983

Diurnal 19-23 Aug. 4 days 21-22 Sept. 2 days 12-14 July 3 days

rodents/ 1982 1982 1983

birds

~
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so that the | ip of the bowl was flush with the ground surface. The
area around the dish was smoothed and cleared of debris. Seeds were
placed in the dishes on the morning of each trial before ants became
active and were left until the majority of dishes had been used. 0On
all trials for both ants and rodents the remaining seeds were col | ected
after approximately 50% of the seeds had disappeared but before each
dish was emptied. Seeds discarded adjacent to the dishes were col|lec-
ted with forceps and placed with the remaining seed. Ant activity
peaked in July so it took only one day to achieve 50% seed removal for
the first replicate of mixture 1, and for mixture 2. Ants foraged |ess
in September. Therefore, three days were required for replicate 2 of
seed mixture 1 (Table 3). Dishes were covered at night during this
period. Ant movements and their activities at mounds and diéhes were
watched closely during the first feeding trial. Ants taking seeds from
each dish were fol lowed to their mounds. Mounds were checked the
fol lowing day to see if any seeds had been discarded at the mound site.

Rodent feeding trials were conducted on grid 1 for seed mixture 1
but were moved to grid 7 for seed mixture 2. The same number of dishes
was used with each trial as described for ants, but dishes were |ocated
randomly at one of the 169 grid intersections of the ful |l trapping
grid. Each location consisted of paired dishes, one for nocturnal
rodents the other for diurnal rodents and birds. These dishes were
smooth plastic, disposable bowls with down-curving |ips that were
inaccessible to ants, as confirmed by observation close fto ant mounds.
Dishes were placed on the ground surface, anchored by heavy nails and

surrounded by three smal |l rocks to provide access for rodents. A dish
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cover was switched between each pair at dawn and dusk to restrict
access to the appropriate taxon. Spilled seeds were replaced in the
dishes when the covers were switched.

Seeds were removed to the laboratory, sorted info the component
species and weighed. The amount of each species removed was calculated
for each dish by subtracting the weight remaining from that initially
provided. Assumptions of this technique are detailed by Kelrick et al.

(1986) .

Rodent population sampling.--Trapping was conducted over four

consecutive nights with 169 Sherman |ive traps on each 13 X 13 station
grid. Traps were insulated with cotton batting and baited with peanut
butter and rolled oats. Animals were individually marked by toe clip-
ping. On all captures, mice were sexed, checked for reproductive
condition (females: pregnant, lactating or with perforate vaginas;
males: presence of scrotal testes) and weighed prior to release.
Because insufficient +traps and personnel were available to trap all
nine grids concurrently, the two study design replicates were trapped
over consecutive four day periods. Grids 4, 5, 7, 8 and 9 were trapped
during the first four days, grids 1, 2, 3, and 6 during days five to
eight. The beginning dates of these 8-day trapping periods were 9th
September 1981, 21st March 1982, 17th June 1982, 19th August 1982, 14th
October 1982, 8th April 1983 (trapping was attempted on the 16th March

but was terminated by a heavy snowfall), and 9th September 1983.
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2.3 Analysis

Trapping.--Trapping data were analyzed for the purpose of popula-
tion size estimates using program CAPTURE (White et al. 1978). This
program tests a series of capture probability models against each data
set to determine goodness-of-fit. The models al low for heterogeneity
in capture probabilities between individuals (Model h), change in
capture probability after first capture (behavior-Model b), or both
(Model bh). Model t tests for time effects although estimators are not
available for time effects combined with behavior or heterogeneity.
The models al | assume that rodent populations are demographical |y and
geographical |y closed, that individuals do not lose their marks and
that all marks are correctly noted at each trapping occasion (QOtis et
al. 1978). The model best fitting each data set was used to estimate
population size (N) and a 95 4 confidence interval. |In five cases the
data were such that no model was appropriate, thus N was not estimated
and these were treated as missing cells in the analysis of variance.

Initially, density (D) was estimated using program HRDEN (K. R.

Wil son, personal communication). Half the mean maximum distance moved

(MMCM), also estimated by CAPTURE, was added to the grid boundary fo
estimate the effective area trapped A(W) (Wilson and Anderson 1985b).
MMDM is the average of the maximum distance between recaptures for all
animals caught at least twice during a trapping period (Otis et al.
1978). However, as will be demonstrated under objective three (Chapter
1.4), MMDM was a biased estimator of animal movements. Consequently,
compar ison between treatments was made using N. Numbers caught were

consistently large enough to enable use of CAPTURE (greater than ap-
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proximately 20 individuals) only for deermice. Therefore, an index to
population size, (total number of individuals caught during the four
day trapping period), was used for other species.

Treatment effects were analyzed using program RUMMAGE (Bryce
1980), a program which accomodates unbalanced analysis of variance with
missing cells. A factorial split plots-in-time design was used. Two
anal yses were run. In the first, the N's were weighted by their stand-
ard errors, taking into account the precision of each estimate. In the
second, the unweighted ﬁ was used as the response variable, because the

variance estimates from CAPTURE tend to increase with the size of N

(D. R. Anderson, personal communication).

Seed preference.--The weights of each seed species removed were

converted to preference indices (5]) relative to the other five species

A

within each dish. P; was calculated using a simple preference metric

(Kelrick et al. 1986) .

A Ui/ A
Pi =
k
Z Uj/aj
1=1
where i = seed species 1, . . . ,k

grams of seed species i utilized,

grams of seed species i available.

>
"

and
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Since Aj %as a constant, this reduces to

A split plots analysis of variance, with dishes as plots, was used to
test for significant differences in seed preference between granivore
categories and seed species, for each seed mixture.

Seed preference by ants as a function of distance.--Distances from

each ant mound to the dishes being used by these ants were calculated
from a map of the study site. Of the 50 dishes placed during trial 1,
11 were not found by ants. The remaining 39 were used for the fol-
lowing analyses: a) regression of the total amount of seed removed per
dish (utilization) against distance from the mound; b) categorization
of these distances into 4 intervals (3.0, 3.1 - 6.0, 6.1 - 9.0, 9.1 m)
and examination of preferences for each seed species by distance inter-
val.

Results and discussion of the rodent/ant competition study are

presented in Chapter |[I1.

2.4 The Influence of Food and Shrubs on Rodent Populations

Experimental manipulations and population responses.--In Chapter

IV, | examine the numerical, reproductive and demographic responses of
the deermouse populations to food supplementation between September
1981 and September 1983 and concurrently report the results of the
second part of the study, which began in September 1983 and continued

until August 1984. In the latter period | continued to more inten-
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sively monitor population responses on two fed and two non-fed grids
(grids 2, 8 and 1, 7 respectively) throughout the winter and spring.
Additional ly, | examined the role of shrub cover on deermouse distribu-
tion and abundance by reinstituting trapping of a 1.25 ha study plot
adjacent togrid 4, henceforth designated grid 6. This site had been
cleared of shrubs in 1980 (Parmenter and MacMahon 1983).

Trapping methods are as described in section 2.2. However, when
examining the reproductivecondition inmales, note was taken of the
presence of perianal pouches (Stewart and Brooks 1977) as well as
scrotal testes. Four-day trapping periods began on 27th October 1983,
23rd March 1984 and 12th June 1984. Trapping was conducted for two
days onlyon grids 1, 2, 7, and 8 and 3 days on grid Gbetween the 2nd
and 12th February 1984, when snow cover averaged 30 cm on grids 7 and
8, 20 cm on gid G, but had virtually melted on grids 1 and 2. A second
two day trapping session on all five grids was conducted between 9th-
18th May. Both of these trapping periods were initiated to capture
mice for radiotracking on grids 7, 8 and G. In August, trapping was
carried out for three days on grids 7 and 8.

Supplemental feeding began fol lowing trapping in September 1983
and was continued, ad | ibitum, through June 1984. Twenty-five feeders,
14 m apart, were positioned on grids 2 and 8.

Snowtracking.--Snowtracking was used as an al ternate index, un-

biased by the presence of traps, of mouse population activity on the
three radiotracking treatment grids (7, 8, G). Each concentric square,
formed from contiguous grid rows from the perimeter to the center of a

grid (6 squares on a 13 x 13 grid), was wal ked and note taken of the
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number of mouse tracks crossing the |ine between each grid stake.
Conditions conducive to such counts occurred on 13 November 1983, 21

December 1983, and 12 February 1984.

Individual activity patterns and use of space.--Radiotelemetry was

used to monitor responses of known individuals to the food and cover
manipulations. Radiotelemetry enabled the definition of home range
sizes independent of trapping locations, and was useful when trapping
was not feasible or might be biased during periods of heavy snow cover.
Telemetry also enabled documentation of activity patterns, nest site
|locations and incidents of predation. One non-fed, one fed and the
shrub-removal grid (grids 7, 8 and G respectively) were selected for
the telemetry study. Grid 7 was extended by 28 m on the western edge
and reduced by 14 m along the northern edge (17 X 11 trapping stations)
so that it resembled the topography on grids 8 and G.

Radiotelemetry equipment included pretuned 150-152 MHz SM-1
transmitters of different frequencies (AVM |nstrument Co., Livermore
CA.), multi-channel radio receivers (AVM LA-12 and Telonics TR-2) and
hand-held yagi antennas. Transmitters were equipped with hearing-aid
batter ies (Eveready E312E), encapsulated in Elvax paraffin (Mini-Mitter
Co., Sunriver, Oregon) and were surgically implanted into the animal's
abdominal cavity (|.P.) through an incision in the ventrolateral abdom-

inal wall (Mineau and Madison 1977, Dr. J. O. Wol ff, personal communi-

cation). Mice were anaestheti zed with a 155 mixture of
Xylazine/Ketamine HCL (100 mg/ml| concentration) using 0.01 cc / 10 g
body weight. Each transmitter unit weighed approximately 2 g (10 § of

the animal's body weight) and had an average battery |ife of 30 d.
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Transmitter-implanted mice were released on the evening following cap-
ture at +their original capture sites and given severa iys  to re-
adjust.

For the duration of a tracking period each mouse was located daily
in its nest. Methods of recording night locations varied slightly
according to weather conditions and the mouse's proximity to the tfrap-
ping grid. In winter, when snow covered shrubs and other identifiable
features, the observer fixed a signal direction and took a compass
bearing from a tall stake (placed at every second grid stake) then
moved 90 degrees and took a second bearing. Locations were |ater
identified on a map of the grid by triangulation. If a mouse stayed
for some time at the same location, the exact point was confirmed from
several directions and an identified pin flag left in place affter +the
mouse moved. During summer, on-grid locations were recorded directly
as distances and directions from grid stakes. All off-grid locations
were identified by pinflags, following triangulation of the position
using a flashlight +to identify landmarks. Pinflag locations were
mapped in relation to the grid during dayl ight. Each observer tracked
4 to 6 mice per night, locating each mouse sequentially. Thus, for a
single mouse, intervals between successive locations were usually at
least 20 min. If a particular behavioral observation was of interest,
a mouse was followed continually and locations were taken every 5 min.
or less. In winter, forays away from the nest site on non-fed grids
were so rare that once a mouse was found away from its nest it was
followed continually wuntil it returned to its nest. Mice did not

appear to be disturbed by an observer moving slowly and quietly, even
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at distances as close as 10 m. Flashl ight-use was kept to a minimum,
but occasional ly a mouse was watched by flashlight. Usually these mice
continued normal activity unhindered.

At least 25 independent locations (defined as 20 min or more
apart) away from its nest site were sought for each mouse, though this
was not always possible., During winter, mice were transmittered for up
to 30 days and tracked for up to 15 nights. In summer only 4-6 nights
of tracking were needed to obtain the desired number of locations (60).
Tracking usually commenced at dusk in winter (1700-1800 hrs) and con-
tinued wuntil 2400 - 0200 hrs. One all-night session and several early
morning “tracking sessions were conducted. In summer, timing of
tracking periods was variable, with the aim of sampling throughout the

night. Often tracking was conducted from dusk until dawn.
2.5 Analysis

Population responses.--Population size (N) was estimated as des-

cribed in section 2.2. Treatment effects (food vs. no food) for the
four fed and five non-fed grids trapped between September 1981 and
September 1983 were identified by analysis of variance (section 2.2).
Population size estimates with 95 4 confidence intervals for the five
grids studied between September 1983 and August 1984 are presented
seperately and compared graphically. Numbers caught during the two
days of “trapping in February and May were compared fo numbers caught
during the first two days of trapping during September, October, March
and June. An approximation for N was obtained by extrapolation.

Demographic parameters (reproduction, sex ratio, injuries, grid
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fidel ity, new captures) were also analyzed seperately for the two parts
of the study (2 treatments and 3 treatments respectiv y). These
parameters were tabulated as binomial response variables (breeding/non-
breeding, male/female, injured/non-injured etc. and analyzed by fit-
ting logit models to the observed cel | frequencies (Nie 1983). Inde-
pendent variables were treatment or grid (depending on whether grids
were combined within treatments), date and sex. Frequency tables were
simplified, where possible, by collapsing over variables. Chi-square
tests were used to test for differences between grids within the Sep-
tember 1981 - September 1983 fed and non-fed treatments (4 and 5 grids
respectively) prior to fitting the logit models to the combined data
for each treatment. Use of the combined data was necessary because
sample sizes from individual grids were often too smal |l to use the
logit models. This was not the case for the five grids trapped between
September 1983 and June 1984. Comparisons between the levels of each
variable were made using contrasts which were orthogonal and summed to
zero (| found this was necessary in contradiction to the documentation
of the program, Nie 1983:548).

Snowtracking data were analyzed using the same program with a |og
| inear model. MMDM's on each grid were compared by analysis of vari-
ance using program RUMMAGE (Bryce 1980).

Activity patterns and use of space.--Home range size and use

patterns were estimated by program HCOMERANGE (Samuel et al. 1985b).
Harmonic means (Dixon and Chapman 1980) were used fo specify utiliza-
tion contours and to identify core areas within the home range (Samuel

et al. 1985a). Home ranges are presented graphically using the contour
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representing 75¢ of an animal's utilization distribution. Default grid
cell sizes were used for all mice except for winter mice on grid 8,
where a 5 m cell size was used because default values were smaller than
the error polygon. Additionally, grid cell sizes of 10 m were used

where default values were greater than 20 m (mouse numbers 3503, 4036,

4401, 3556).
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CHAPTER 111

INTERSPECIF IC COMPETITION BETWEEN RODENTS AND ANTS:

RESULTS AND DISCUSSION

3.1 Results

The rodent community.--In this study deermice were the most abun-

dant nocturnal rodents (Fig. 2) and least chipmunks (Eutamius minimus)

were the most numerous diurnal rodents (Fig. 3). Few Creat Basin

pocket mice (Perognathus parvus) or northern grasshopper mice

(Onychomys leucogaster) occurred on any grid (Figs. 4 and 5). The

max imum number caught during any trapping period was 9 and 7, respec-
tively. Several non-granivorous, microtine species were also trapped;

sage voles (Lagurus curtatus), montane voles (Microtus montanus) and

long-tailed voles (M. longicaudus). Microtus were trapped infrequently

throughout the study. Sage voles were relatively abundant in 1983/84
(Fig. 6).

Rodent responses to food and ants.--Analysis of variance for food

and ant effects on deermouse population sizes (weighted analysis,
Table 4) indicate that deermice are food |imited (rejection of
hypothesis 1, P= .00 for FD). Fed population sizes were greater than
non-fed populations during all trapping periods when supplemental food
was present (P < .01, Table 4), Fig. 2. Population sizes did not
differ when food was not present (P > .2). The overall effect of
removing ants was not significant (P = .599 for AD, Table 4). There is

some evidence that deermice responded to ant removal during the final




Peromyscus maniculatus
2007 m CONTROL

O FOOD ADDITION

160 I \
/N
&= | \
p—
N 120 l )
™
n i | \
Z
Q
'._
< 804
=)
o
O
o

40

C—7—7T1 7 rrrTrT—VmV 7rr—r7rTTrrroT | T T T T T T T T T

Se Mar Jun  Aug Oct Apr Seg Oct Mar Jun
8 82 82 82 82 83 8 83 84 84
ADD STOP ADD
FOOD FOOD FOOD

Figs 2. Mean population size estimates (with 95 percent confidence intervals) of deermice
(Peromyscus manicul atus)on fed and non-fed grids. September 1981 - September 1983 non-fed grids n

=5, fed grids n = L; October 1983 - June 1984 n = 2 for both treatments; August 1984 n =1 for
both treatments.
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Fig. 3. Mean numbers caught (with 95 percent confidence intervals) of least chipmunks
(Eutamias minimus) on fed and non-fed grids. September 1981 - September 1983 non-fed grids n = 5,
fed grids n = b4; October 1983 - June 1984 n = 2 for both treatments.
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Fig. 4. Mean numbers caught (with 95 percent confidence intervals) of Great Basin pocket
mice (Perognathus parvus) on fed and non-fed grids. September 1981 — September 1983 non-fed grids
n=25, fed grids n = 4; October 1983 — June 1984 n = 2 for both treatments.
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Onychomys leucogaster
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Fig. 5. Mean numbers caught (with 95 percent confidence intervals) of northern grasshopper
mice (Onychomys leucogaster) on fed and non-fed grids. September 1981 - September 1983 non-fed
gridsn =05, fed grids n = L; October 1983 — June 1984 n = 2 for both treatments.
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Lagurus curtatus
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Fig. 6. Mean numbers caught (with 95 percent confidence intervals) of sage voles (Lagurus
curtatus) on fed and non-fed grids. September 1981 - September 1983 non-fed grids n = 5, fed
grids n = L4; October 1983 — June 1984 n = 2 for both treatments.
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Table 4. Analysis of variance (weighted) for ant and food effects on
deer-mouse popul ation numbers: September 1981 - September 1083,
Significance levels: * = 0.05, ** = 0.01, (*) = 0.10.

Source of signific.ce
variation df F-ratio probab il Ity level
Ant (A) 1 0.616 0.468 NS
Food (F) 1 6.257 0.054 (™)
AF 1 0.335 0.5€8 NS
Grid (G) = 5 7.825 0.000 "
error (a)

Date (D) 6 15.149 0.000 i
AD 6 0.773 0.599 NS
FD 6 6.709 0.000 s
AFD 6 0.905 0.507 NS
error (b) 25

Food x Date and Ant x Date comparisons

significance

Compar|son t-val ue probability level

Ant x Date
AD, 0.756 0.457 NS
AD, 0.651 0.521 NS
AD< 0.278 0.776 NS
AD,4 0.378 0.709 NS
ADg 0.778 0.444 NS
ADg 0.569 0.574 NS
AD4 2.046 0.051 (*)

Food x Date
FD, 0.977 0.338 NS
FD, 5.004 0.000 =
FDy 3.313 0.003 L
FD4 3.595 0.000 A
FDs 4.129 0.001 5
FDg 0.7 0.483 NS

FDy 1.314 0.201 NS
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sampling period, in September 1983 (P = .051 for AD7)- Contrary to

prediction, +this response was not one of compensatory increase.
Deermice were less abundant on the ant removal grids than they were on
grids with ants present. This result 1is tenuous because the
significance level was less in the unweighted analysis (P = .113 for
AD;)y. Significance levels produced for all other factors on the un-
weighted analysis were very similar to those from the weighted analysis
shown on Table 4.

Since sample sizes of other rodent species were small, no
significant responses to ant removal were evident. A small positive
response to supplemental food was shown by least chipmunks (Fig. 3).
In contrast, pocket mouse numbers tended to decrease when food was
added (Fig. 4), particularly in June 1982 when they were most numerous
on the study area. Grasshopper mice (Fig. 5) and sage voles (Fig. 6)
showed no response to supplemental feeding.

Seed preference.--The 3 granivore categories (ants, nocturnal

rodents, diurnal rodents and birds) were not mutually exclusive in
their preference for seeds (non-significant main effect for granivores,
Tables 5 and 6). Some overlap in preference for seeds in both seed
mixtures is indicated by significant granivore by seed interactions.
These preferences are illustrated for mixture 1 averaged over months
(Fig. 7) and for mixture 2 (Fig. 8).

Interactions between months, seeds and granivores (mixture 1,
Table 5) were due to differences in strengths of preference for dif-

ferent seed species, although the rank order of preference was similar

for each month (Table 7). Nocturnal rodents preferred Oryzopsis,




57

Table 5. Analysis of variance of seed preference indices for seed

7

mixture 1 (grasses and forbs). Significance levels: ** = (0.01.

Source of significance
variation df F-ratio probabil ity level
Month (M) 1 0.05 0.823 NS
Dish (D) 24 0.62 0.910 NS
MD 24 0.77 0.764 NS
Granivore (G) 2 0.95 0.390 NS
MG 2 0.23 0.795 NS
Error (a) 96

Seed species (S) 5 193.45 0.000 e
GS 10 103.10 0.000 s
MS 5 5«13 0.000 el
MGS 10 16.68 0.000 R
error (b) 720

Total 899




Table 6. Analysis of variance of seed preference indices for seed mixture 2
(shrubs). Significance levels: ** = 0,01.

Source of significance
var iation df F-ratio probabil ity level
Dish (D) 19 0.72 0.760 NS
Granivore (G) 1 1.90 0.184 NS

Error (a) 19

Seed species (S) - 27.40 0.000 Li

GS 2 42.35 0.000 Lo

Error (b) 190

Total 239
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Table 7. Seed preference ranks and results of LSD tests for differences in preference of seeds in
mixture | (grasses and forbs). A common letter indicates no significant difference In preference

(p<0.05).
Nocturnal Rodent Diurnal Rodent Ant
Rep. 1 Rep. 2 Rep. 1 Rep. 2 Rep. 1 Rep. 2
Seed rank LSD rank LSD rank LSD rank LSD rank LSD rank LSD
Oryzopsis 1 a 1 a 1 a 1 a 2 a 2 b
Astragalus 2 b 2 a 3 C 4 c 6 c 6 d
Stipa 3 c 3 a 2 b 2 b 3 ab 3 b
Bromus 4 d 4 b ) c 3 c 5 c 5 cd
Poa 5 dc 5 c 6 C 6 c 4 b 4 bc
Er logonum 6 e 6 c 4 c 5 c 1 a 1 a

N —
o
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followed by Astragalus and Stipa in August; in September they did not

discriminate among these seeds (Table 7). In contrast, ants were more

selective in September, e.g., p,  for Eriogonum in August was 0.25

|
increasing to 0.50. Astragalus seed was removed by ants in August but

not in September (Table 7). Diurnal rodents and birds showed no dif-
ference in preference between months. They highly preferred Oryzopsis,
moderately preferred Stipa and avoided the other seed species (Fig. 7).

Preferences for seeds in mixture 2 (Fig. 8) were determined only
for nocturnal rodents and ants. The preference rankings of the three
shrub species, relative to those seeds used in mixture 1, indicate that

ants highly prefer Ceratoides, moderately prefer Chrysothamnus and Poa

and avoid Artemisia and Astragalus. Rodents moderately prefer

Ceratoides but avoid Chrysothamnus and Artemisia.

The effect of distance on seed preference by ants.--The total

utilization of seeds (g removed) from each of the 39 dishes found by
ants in trial 1, is plotted as a function of distance from the mound in
Fig. O9a. The mean utilization of each seed species (g per dish) and
the preference for each species (dishes combined) are presented, by

distance interval, in Fig. 9b.
3.2 Discussion

Seed preference.--The preference rankings (in descending order) of

Oryzopsis, Stipa, Bromus and Artemisia are similar between granivore

categories, and correspond to the results obtained by Kelrick et al.

(1986) . Other studies suggest that Cryzopsis hymenoides seeds are a

favored food item for heteromyid rodents (Johnson and Jorgensen 1981,
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Fig. 9. Seed utilization and selectivity by ants as a function of
distance from the mound. Rodent-proof seed dishes containing 6 species
of native seeds were offered to Pogonomyrmex occidentalis ants during
a 24-h period. Distance = length of a straight |ine between a
particular seed dish and mound center of the colony harvesting seeds
from that dish. (a) A regression of total consumption (= all seed
types) on distance. Regression coefficient b is significant (P <
0.005, df = 37). (b) Histograms portraying, by species, mean
consumption per dish (left of 0) and mean contribution to total
consumption (right) for 4 distance classes. Distance class intervals
were chosen to distribute numbers of observations roughly equal ly
among the intervals. As distance increases, total consumption
decreases and selectivity becomes more pronounced. EH Eriogonum
heracleoides, OH Oryzopsis hymenoides, SV Stipa viridula, PC Poa
canbyi, BT Bromus tectorum, AC Astragalus cicer; CONS consumption.
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McAdoo et al. 1983). Feeding experiments indicate that Bromus tectorum

seeds are not highly preferred (Everett et al. 1978), but they are
consumed by deermice (Johnson 1961, Kritzman 1974), and may be an
important food item at times for the Great Basin pocket mouse (La
Tourette et al. 1971, Kritzman 1974). | frequently found B. tectorum
seeds in granaries of ant mounds (unpublished data) but biomass and
numbers of other species, including Poa spp. were greater. Artemisia
tridentata seeds were next to last in preference by both ants and
nocturnal rodents. On a preliminary analysis, | did not find Artemisia
seeds in ant mounds, nor have they been found in the stomachs of
deermice trapped in sagebrush habitats (Williams 1959, Johnson 1961).
Kelrick et al. (1986) found that preference was generally corre-
lated with seed caloric and 4 soluble carbohydrate content, but nutri-
tional attributes alone did not explain the rankings of Oryzopsis,
Stipa and Bromus. |t was suggested that interactions with seed anatomy
and size may explain the observed differences. In  this study, |
included 5 seed species for which the nutritional attributes are un-

",

known (Poa, Eriogonum, Astragalus, Chrysothamnus and Ceratoides). The

preference rankings of 2 seed species by nocturnal rodents and ants
were opposed. Eriogonum was the least preferred seed for nocturnal
rodents but second only to Ceratoides for ants. Astragalus was least
preferred by ants, but was second only to Oryzopsis for nocturnal
rodents. Davidson et al. (1985) found that seeds of E. abertium were
used almost exclusively by ants in the Chihuahuan Desert. It is not
known if rodents actually consumed Astragalus, but Everett et al .

(1978) found that deermice removed (and presumably consumed) A. cicer
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in the lab and preferred it above B. tectorum. Ants did remove some
Astragalus but most of this was discarded on ant mounds. A combination
of secondary chemical compounds and physical attributes might account
for this strong difference in seed preference. For example, ants may
have difficulty handling the smooth, dense seeds of Astragalus, while
rodents may be deterred by chemical compounds in Eriogonum.

Other authors have suggested that seed size may partially account
for differences in seed preference between rodents and ants. Rodents
tend to select larger seeds than ants (Inouye et al. 1980, Mittlebach
and Gross 1984, Davidson et al. 1984, 1985). The preference for the
small Poa seeds by ants but not by rodents might be attributable to
seed size. Clearly, more than size is involved with the other seed
species. Ceratoides was the largest seed offered in my experiments but
was more highly preferred by ants than by rodents. Oryzopsis,

Astragalus and Eriogonum were of a similar size but differed greatly in

preference ranking between taxa. Chrysothamnus seeds were large but

were preferred even less than Poa by rodents. Chemical compounds might
account for these differences.

The relative contributions of chipmunks and birds to the diurnal
granivore component was not determined. These granivores removed as
much millet during the supplemental food study in June and July 1982 as
nocturnal rodents did (unpublished data). Observations of low numbers
of birds in the study area leads me to believe that much of this was
due to chipmunks (which are known to cache seed). This belief is
supported by +the highly selective removal of Oryzopsis, with some

Stipa, but negligible quantities of Poa (or any other species) from the




seed preference trials. Best (1972) found a high proportion of Poa

secunda seeds in the diets of Brewer's and Vesper sparrows, together

with seeds of Stipa viridula and S. comata. Why chipmunks (or birds)

should not take Astragalus, which was a preferred seed for nocturnal
rodents is unknown.

Temporal differences in the degree of seed selectivity by noc-
turnal rodents may be related to the overall importance of seeds in
their diet. Seeds formed a higher proportion of the diet of deermice
in  August than in July 1981 (Parmenter and MacMahon 1983). Records
kept during this study indicated that the amount of millet removed from
feeders during the food supplementation exper iment increased in fall.

Both deermice (personal observation) and chipmunks (Nowak and Paradiso

1983) cache seed. The lower degree of selectivity in September
compared to August might be a reflection of greater caching activity
and decreasing availability of natural seeds (L. S. Broome, personal
observation; Kelrick 1988) and other sources of food, including
invertebrates (Parmenter and MacMahon 1984) .

Seed selectivity by ants increased as a function of distance from
the mound (Fig. 9). This observation is consistent with an optimal
foraging strategy for central place foragers (Orians and Pearson
1977) . Their greater selectivity in September, compared to August,
coincides with substantially reduced worker activity and cooler surface
temperatures. Greater selectivity indicates that a high payload was
required for efficient foraging in September.

Interspecific competition between rodents and ants.--Density com-

pensation by rodents was not demonstrated upon removal of ants, despite
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overlap in seed preference; although deermice, and perhaps chipmunks,
were shown to be food |imited. Possible contributing factors are:

1. A low impact by ants on the seed resource. This is unlikely
considering the high density of ant mounds in the area, the rapid rate
of removal of seeds by ants during summer feeding trials, and the high
predation by harvester ants on seeds reported in other studies (Brown
et al. 1979b and citations therein, Reichman 1979, Inouye et al. 1980).

2. The food |imitation indicated by supplemental millet experi-
ments was not indicative of the situation actually experienced on ant
removal plots, Millet seed is greatly preferred over any native seed
found on the study area (Parmenter et al. 1984, Kelrick and MacMahon
1985, Kelrick et al. 1986). Al though preferences for seeds such as

Oryzopsis, Stipa and Bromus did coincide for ants and rodents, the

quantities of these or other species of seeds released by the removal
of ants may have been insignificant. Oryzopsis was not abundant on the
study area, and seeds removed from ant mounds contained a greater
proportion of smal|-seeded species, such as Poa spp., Chenopodium spp.
and seeds of the family Brassicaceae, than of Oryzopsis or Bromus.
Limitation by means other than by food (Chapter 5), in the presence of
seeds |less preferred than millet, may have prevented a numerical re-
sponse to ant removal.

3. High background food levels were promoted by the unusually wet
conditions throughout the study. Wet seasons induce high seed
productivity (Noy-Meir 1973, Pulliam and Brand 1975, |Inouye et al.
1980) and probably elevate numbers of arthropods. Both seeds and

arthropods are included in the diets of deermice and chipmunks (Johnson
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1961, Hal ford 1981, Parmenter and MacMahon 1983). Interspecific compe-
tition, if it occurs in a shrub-steppe environment (Rotenberry 1980),
might be important only in years of drought (Pulliam and Brand 1975,
Weins 1977).

4. |t is very likely that the area cleared of ant mounds (1.54 ha)
was too small to enable detection of a rodent response by trapping.
Home range sizes of deermice averaged 0.31 ha on control grids in
summer  so few mice would be resident within the grid area (Chapter
4.2). Traps and food drew animals in from a great distance outside the
trapping grid and the area cleared of ant mounds. This effect would
prevent detection of small responses to ant removal.

These results are consistent with those obtained in the Chihuahuan
Desert (Brown and Munger 1985, Davidson et al. 1985), but contrary to
results from the Sonoran Desert (Brown and Davidson 1977, Brown et al.
1979a, Davidson et al. 1980, 1984). Brown and Munger (1985) and
Pavidson et al. (1985) attributed their differences to greater inten-
sity of competition and compensatory responses within each of the more
diverse assemblages of each taxon in the Chihuahuan Desert, and to less
dietary overlap between rodents and ants. Compensatory responses were
not evident among the most abundant rodents in my study. Di f ferences
in dietary overlap, and in the faunal assemblage and seed mil ieu may
lead to competition in the Sonoran Desert, but not in this study area.
However, the evidence presented for density compensation by rodents
upon removal of ants in the Sonoran Desert is weak, and does not stand
up to reanalysis (Galindo 1986). Sample sizes and grid sizes were

probably inadequate for robust statistical analysis (Galindo and Krebs
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1986, Chapter 4.3, this study). As Gal indo points out, the average
differences between control and ant-removal treatments on the Sonoran
Desert study plots amount to only one individual of the four combined
species.

Some evidence of a compensatory response to food supplementation
was found for the least abundant granivorous rodent in +this study.
Admittedly, the evidence is weak, but Fig. 4 indicates that Great Rasin
pocket mice decreased in abundance when food was added. Competition
from deermice, which increased in abundance, might have induced this
decrease. Supplemental food had no effect on northern grasshopper
mice, which are highly insectivorous (Johnson 1961, Horner et al.
1964), or on the graminivorous sage voles (Johnson 1961, Maser et al.
1974, Maser and Strickler 1978).

Davidson et al. (1984) suggested that in the long-term, gran-
ivorous rodents may indirectly facilitate ants by reducing competition
among their preferred food plants. This study suggests that the pre-
sence of harvester ants may facilitate deermice. Fewer deermice were
trapped in the absence of ants during the final trapping period of the
ant removal treatment in September 1983. Explanations of this rela-
tionship are speculative, but may include effects of ants on the plant
community as well as the physical presence of ant discs. Rad iotel em-
etered mice (Chapter |v) were frequently observed close to ant mounds.
They may simply have been foraging in the dense vegetation which grew
on the perimeter of some discs (presumably induced by moisture runoff
from mounds and perhaps discarded seeds). They may also have been

searching mounds for seeds discarded by ants; ants discarded non-
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preferred seeds, particularly Astragalus and Bromus, on top of their

mounds during the seed selection experiment. Predation by mice of seed
stores within ant mounds (Clark and Comanor 1973) was not observed for
native seeds, but mounds which had millet seeds stored in them were
torn apart.

In summary, this study did not demonstrate ongoing competition for
seeds between rodents and ants. Rodents were food-I|imited, but compen-
satory increases in rodent numbers were not obtained upon removal of
ants despite overlap in seed preference. In view of the large home
range sizes of radiotracked deermice (Chapter 4.2) | suspect that ants
were removed from an area too small to enable detection of any compen-
satory responses. Previous tests of ant-rodent competition may suffer
from similar insufficiencies. Since food preferences did overlap,

interspecific competition may occur during years of drought.
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CHAPTER IV
INFLUENCES OF FOOD AND SHRUBS ON DEERMICE:

RESULTS AND DISCUSS ION

4.1 Population Responses to Food Addition and Shrub Removal

Population size.--Population size estimates for the 2 phases of

trapping are presented 'n Fig. 10. For the September 1981-September

1083 +trapping period common means (N) and variances (var. (N) = Zni=1

seZ?/nZ2, D. R. Anderson, personal communication) were estimated for the

four grids on which food was supplied and the five non-fed grids.
Population size was significantly greater on fed grids at all times
when food was present, and not significantly different between fed and
non-fed grids when food was absent (Chapter 3). Similarly, for the two
fed and two non-fed grids trapped between September 1983 and August
1084, population size was greater on fed grids at all times when food
was present. The response to feeding was extremely rapid; numbers had
almost doubled by October 1983, five weeks following food addition in
September.

Numbers decl ined over winter on non-fed grids during each of the
three years, and continued to decline between March and June, after
breeding had commenced. A spring decline occurred on fed grids despite
the abundance of food; and was also present on the shrub-removal grid
in 1084. Overwinter population sizes in 1983/84 differed between the
two fed grids and between the two non-fed grids. This may relate to the

onset of snowmelt. Grids 1 and 2 were snow free by 2 February but 30
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cm still covered grids 7 and 8, small| patches remained until 23 March.
Numbers decl ined on grid 8 throughout the winter and spring paral lel ing
the control grids. Using the extrapolations of N in February and May
it appears that these decl ines occurred principally in two pul ses;
during the severest part of the winter (October to February) and in the
| atter part of spring (May - June). On grid 2 there was no evidence of
an overwinter decline; however, a precipitous spring decline occurred
between March and June. The sl ight increase seen in March may have
been due to an influx of mice fol lowing the early February snowmel .
An undetected winter decl ine could have occurred between (Cctober and
January.

Popul ation sizes on the shrub-removal grid are also il lustrated in
Fig. 10. Compared to the non-fed grids (pooled), population sizes on
the shrub-removal grid declined to extinction when snow was present,
increased in March (Z=2.56, P=.01), but otherwise were not signifi-
cantly different (P>05). The grid was repopulated in March at fal |
levels, but a significant spring decl ine occurred. Mice were not able
to use the grid when it was snow-covered. During the February 10
trapping period 10 cm of snow stil |l covered most of the grid but had
begun to melt in the northeast corner. The few mice caught were all in
this corner, or in traps on the perimeter of the grid.

Demographic analysis.--The fol lowing demographic anal yses are made

from the numbers of individuals caught, subdivided according to grid,
sex and age. These data are presented for combined fed and combined
non-fed grids and the shrub-removal grid in Table A1. Mice 13 g or

less were designated juveniles, 14 - 16 g subadults, and 17 g or
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heav ier, adults. Growth curves indicate that Peromyscus weigh 13 g at
approximately 4 wk of age (Layne 1968, Hansen and Batzli 1978, Mil lar
et al. 1979) and are weaned between 3 and 4 wk of age (Stebbins 1977,
Millar et al. 1979). Most mice weighing 13 g or less had juvenile
pelage (grey). The subadult and adult weight classes are combined for
the analysis of sex ratio, grid fidel ity and grid turnover rates.
These age classes were difficult to distinguish, and bias may arise if
a weight criterion is used under two different feeding regimes.
Breeding condition is considered only for sexually mature individuals.
Stebbins (1977) indicated that sexual maturity of female P.

manicul atus, given unl imited food in a semi-natural situation, was

reached at a mean weight of approximately 17 g and 6 wk of age. Males
may attain sexual maturity soon after entering the trappable population
at weights less than 17 g (Millar et al. 1979). Therefore, all
individuals designated as adults (17 g) are deemed potentially repro-
ductive and are considered in the analysis of breeding status.

Sex ratio.--Sex ratios of adults and subadults combined were
influenced by supplemental food and varied seasonal |y on both fed and
non-fed grids (Fig. 11; logit model tests are presented in Table A2).
Significantly higher proportions of females occurred in fed compared to
control populations during spring. These ratios did not differ from
August to October. Binomial tests (Zar 1974) indicated that there was
a significant sex-ratio skew from parity towards females on fed grids
in spring (when most animals were adults). In fall (October 1982), the

skew for adults and subadul ts was towards males. The female skew in

spring was attributable to adults only; sex ratios of subadults on fed
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grids were male-biased in June and August 1982 (binomial tfest:
Z=2.935, P <.01), and were even or tended toward malebias in June and
August 1984 (Table A1). By contrast, on non-fed grids and on fed
grids when food was absent the skew was al ways towards males (Fig. 11).

It is shown in Table 8 that sex ratios of juveniles tended to
differ between fed and non-fed grids during spring but not during fall
(monthly data were pooled to increase sample size). The male skew on
fed grids during spring was significant (binomial test: Z=2.77,
P<.01).

On the shrub-removal grid sex ratios of adults and subadults did
not differ significantly from parity during any of the frapping periods
between September 1983 and June 1984. The ratio was veryclose to 50%
during al | months. (n=6, X2 = 51.23, sd = 4.35). Thus, in spring 1984
the shrub-removal grid differed significantly from both the femal e-
skewed fed grids and mal e-skewed control grids (Table A2).

Reproduction, weight distributions and demographic stucture.--

Logit model tests for reproductive condition are presented in Table
A3. Breeding was seasonal for both sexes, but the breeding peak for
males June) was more defined than it was for females (Fig. 12). Trap-
ping was not conducted during winter on a regular basis, but a trapping
session between 10-17 November 1983 (for radiotelemetry) revealed no
mice in reproductive condition. These results indicate that breeding
ceased in winter despite the presence of food. A lower proportion of
the sexual |y mature males, compared to females, was in breeding condi-

tion during any month.




Table 8. Chi-square tests on juvenile sex ratios: (a) pooled data from June 1082;
March, May and June 1984; (b) pooled data from August 1982, 1984; October 1982,

1983.
(a) March-June (b) August-October
Fed Non- fed Fed Non- fed
Female 37 16 Femal e 26 24
Male 5T 13 Male 28 20
X2 = 2:26, p = 0s13 X2 = 0.40, p = 0.53

Ul
N




100+ A

)
<
a &2 FED
Eﬂ 50 B NON—FED
& * P<0.05
® (*) P < 0.10
o MARJJUN]JAUG|OCT APRI|SEP|OCT FEB|MARIMAY |JUN
82 82 82 82 83 83 83 84 84 84 84
[ ] (.) » L L
FOOD ADDED FOOD ADDED
100-
)
<
0
i so-
o
m
b
Y MAR|JUN]AUG|OCT
82 82 82 82

Fig. 12, Percentages of adult females and adult males in breeding condition on fed and non-
fed grids. Significance levels from logit model tests between treatments.
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The reproductive response of males was significantly affected by
feeding only in March 1984 (Fig. 12). Females extended their breeding
season into COctober on fed grids and more females bred earlier in
spring when food was present. Al though the total proportion of females
in reproductive condition (perforated, pregnant or lactating) did not
differ between fed and non-fed grids in March 1982, more females were
pregnant on the fed grids (X2=4.70, P<.05, Table 9), indicating that
breeding did begin ear | ier when food was present. The physical condi-
tion of the grids outweighed the effects of food in February 1984
(Table A3). At this time grids 7, 8 and G were still snow covered,
grids 1 and 2 were clear although grid 2 was still wet and muddy.
Females in breeding condition were 0.0%4 on grids 7 and G; 17 $ on grid
8 78 ¢ on grid 2; and 80 % on grid 1. Detectable pregnancies occurred
only on the fed grids. Females on grid 1 were perforate only (Table 9).
Breeding began on grid 1 approximately 1 February (trapping was
conducted 10 February) and on grid 2 approximately 20 January (calcu-
lated using a mean gestation length of 23 days [Layne 1968, Millar et
al. 197910).

Weight distributions for al |l mice caught on fed and non-fed grids
are il lustrated in Fig. 13. Mean female weights were greater, tfo some
extent, at al |l times when food was present. Mean male weights were
less frequently affected by feeding than were female weights. Preg-
nancy probably contributed to much of the weight difference. Food
usual |y increased male weights, but in May 1984 mean weights of males
were |lower on fed grids due to the presence of juveniles. Adult male

weights were not significantly different in May (Fig. 13). Recruitment




Table 9. Percentages of adult females in breeding condition, sub-
divided into percentages lactating, pregnant or perforated.
F = Fed grids, NF - Non-fed grids (including the shrub-
removal grid in 1983-84).

1982
Breed ing Mar . June Aug. Ot
Condition
F NF F NF F NF F NF
Lactating 1 0 14 24 2 14 35 2.9
Pregnant 59 33 60 12 61 50 4 3
Per forated 24 37 1 12 2 7 2 q
1983
Apr. Sept. (Gears
Lactating 1.2 16 16 38 2 0
Pregnant 44 40 9 12 17 0
Per forated 12 5 13 5 3 3
19814
Feb. Mar . May June
Lactating 0 0 11 2 15 14 21 23
Pregnant 20 0 39 10 57 27 71 64
Per forated 43 53 i[&74 53 5 14 2 5
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Fig. 13. Weight distributions of females and males on fed and non-fed grids, September 1981
- August 198L. Fed distributions are to the right and non-fed distributions to the left of each
line. Shading indicates when food was present on the food-addition grids. Significance levels
from z tests between mean weights on food-addition and control grids: ** P 0.01, * P 0.05, (%) P
0.10. Significance levels for differences in adult weights (males): + P<0.05, ttP<0.01.
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of juveniles (sexes combined) was higher in early summer 1982 than in
| ate summer/fal | (June compared to August/October 1982; combined grids
X2 = 11.96, P<.01). Food addition affected juvenile recruitment only
in March and May 1984, when proportionately more juveniles were caught
on fed grids (X2=5.40, P<.05). All juveniles were from grid 2 in March
but were caught on other grids by May.

Removal of shrubs had no effect upon the proportions of adults in
breeding condition, or upon weight/age structure. PBreeding condition
differed from the control grids only when breeding was early on grid 1
in February 1984 (Table A3). At this time the shrub-removal grid was
still snow covered, only nine mice were caught and none were in
reproductive condition. Weight distributions and adult male weights
did not differ significantly from those on non-fed grids al though adult
male weights tended to be higher on the shrub-removal grid during
spring 1984.

Differences in breeding intensity (% reproductive) between years
may be associated with weather conditions or with population density.
More adult females were reproductive in |ate October 1982 than in
October 1983 on both fed and non-fed grids (X2=4.92, P<.05; X2=7.60,
P<.C1, respectively). Similarly, female breeding intensity was greater
in late March 1982 than it was in March 1984 (Xx2=3.46, P=.06; X2=11.90,
P<.01 on fed and non-fed grids respectively).

Residency and movements.--An indication of the amount of adherence

to trapping grids and the amount of movement within the populations was
obtained by examining indices of grid fidel ity, population turnover

rates on grids, and dispersal between grids. Grid fidel ity (often




62

termed "survivorship", e.g., Taitt 1981, Taitt and Krebs 1983, Ford and
Pitel ka 1984, Tamar in et al. 1984, Wol ff 1985a) is the percentage of
animal s caught during the previous trapping period which are recaught
during the present trapping period, ny/n4_y, i.e. it is "survivorship"
between successive trapping periods (Figs. 14, 15). |Interpretation of
these and the fol lowing two figures should take into account the un-
equal time between trapping periods.

New captures are often designated immigrants (e.g., Taitt and
Krebs 1983, Ford and Pitel ka 1984, Fairbairn 1977, 1978a). | prefer to
use the proportions of new to total captures within frapping periods
simply as indices of population turnover rates (Figs. 16, 17), and
avoid attributing this unequivocal ly to immigration (or births) because
of possible trapping biases (Section 4.3). The logit model tests
associated with Figs. 14, 15 and 16, 17 are presented in Tables A4
and AS.

For females, feeding general |y improved fidel ity during spring, up
to the point of the population crash of March 1984. Food addition did
not affect fidel ity in fall (Fig. 14). In March 1984 fidel ity to grid
1 was as high as on the fed grids, with grid 7 lower than the rest
(Z=2.955, P<.01). Turnover rates were the reciprocal of fidel ity (Fig.
16). Turnover was reduced by food addition during the spring of 1982,
al though it was equivalent to that of the control<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>